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Abstract

Approximately 23,000 new gastric cancer cases and 12,000
associated deaths occur annually in the United States.
Intestinal metaplasia and gastric epithelial dysplasia are
precursor lesions to gastric adenocarcinoma, but are not
readily detectable clinically, radiographically, or endoscopi-
cally. A noninvasive method of precursor detection would
require the ability to distinguish precursor lesions from
adjacent normal mucosa. In search of such markers, tissue
microarrays were prepared for 133 patients of resected gastric
adenocarcinoma. Tissue microarrays contained primary can-
cer, normal stomach, intestinal metaplasia, and gastric
epithelial dysplasia and were probed with antibodies against
nine potential markers that were either identified in a
database of genes overexpressed in gastric adenocarcinoma
or were already of interest to our laboratory: claudin-4,
mitogen-activated protein kinase kinase 4 (MKK4), 14-3-3S
(stratifin), S100A4, mesothelin, fascin, topoisomerase IIA,
HER-2/neu, and epithelial growth factor receptor. Three
markers discriminated gastric adenocarcinoma precursor
lesions from normal gastric mucosa. Claudin-4 expression

was present in 36 intestinal metaplasia lesions (100%) and 14
gastric epithelial dysplasia lesions (100%), but in only 16
normal stomach samples (15%). MKK4 expression was present
in 24 intestinal metaplasia lesions (89%) and 12 gastric
epithelial dysplasia lesions (100%), but in only 6 normal
stomach samples (8%). Stratifin expression was present in 29
intestinal metaplasia lesions (97%) and 8 gastric epithelial
dysplasia lesions (100%), but in only 2 normal stomach
samples (3%). Sensitivity and specificity for detection of the
precursor lesion intestinal metaplasia were 100% and 85%,
respectively, for claudin-4; 89% and 92%, respectively, for
MKK4; and 97% and 97%, respectively, for stratifin. In primary
cancers, 123 of 125 (98.4%) were positive for claudin-4, 116 of
126 (94%) for MKK4, and 111 of 120 (92%) for stratifin. In
conclusion, claudin-4, MKK4, and stratifin immunolabeling
detects precursor lesions of gastric adenocarcinoma that are
otherwise clinically, radiographically, and endoscopically
inapparent. These findings may prove useful in the diagnosis
and therapeutic targeting of gastric adenocarcinoma precursor
lesions. (Cancer Epidemiol Biomarkers Prev 2006;15(2):281–7)

Introduction

There are an estimated 22,710 new cases per year of gastric
cancer in the United States, and f11,780 of those patients will
die of their disease (1). Gastric adenocarcinoma remains the
second leading cause of cancer death worldwide, accounting
for f10% of all newly diagnosed cancers. Intestinal metaplasia
is an asymptomatic, radiologically and endoscopically unde-
tectable lesion considered to be premalignant. In 1955, Morson
(2-4) first described the possible transition from intestinal
metaplasia to gastric epithelial dysplasia to the development
of gastric adenocarcinoma, and Correa (5) later developed
the model of histologic progression in gastric adenocarcinoma.
Since then, distinctive patterns of gene expression in gastric
adenocarcinoma, intestinal metaplasia, and normal stomach
have been identified using DNA microarray technology and a

large number of genes have been shown to be up-regulated
in gastric adenocarcinoma compared with normal stomach
(12- to 49-fold; refs. 6, 7).

Using these publicly available data, we sought to investigate
whether any of the genes up-regulated in gastric adenocarci-
noma might also be expressed in precursor lesions. We
identified three targets, claudin-4, mitogen-activated protein
kinase kinase 4 (MKK4), and 14-3-3j (stratifin), that were
selectively expressed in intestinal metaplasia and gastric
epithelial dysplasia but not in normal stomach.

One of these, claudin-4, is a member of the claudin gene
family that has been identified in several independent gene
expression profiles to be up-regulated in a variety of tumors
(8-13) and, importantly, in premalignant lesions of the
pancreas (14) and esophagus (15). The homology of claudin-
4 to Clostridium perfringens enterotoxin (CPE) receptor
suggests that this protein may be a potential target for
therapeutic intervention and, indeed, preliminary studies in
cell lines and xenografts have shown some promise in this
regard (16, 17).

No report, to our knowledge, has evaluated the expression
of claudin-4, MKK4, or stratifin in gastric adenocarcinoma, its
precursor lesions, and corresponding normal mucosa. In this
study, we report the expression pattern of these proteins in
normal gastric mucosa, premalignant intestinal metaplasia and
gastric epithelial dysplasia, invasive gastric adenocarcinoma,
and gastric adenocarcinoma metastases.
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Materials and Methods

Tissue Microarrays. After approval from Johns Hopkins
University Institutional Review Board, paraffin-embedded
material from patients undergoing surgical resection at the
Johns Hopkins Hospital was used for this study. Seven tissue
microarrays, representing 133 patients, were constructed
containing primary, metastatic cancer, and nonneoplastic
stomach. Tissue microarrays were constructed using a manual
Tissue Puncher/Arrayer (Beecher Instruments, Silver Spring,
MD) as previously described (18). To avoid geographic or
spatial patterning artifacts, the samples were not grouped by
histology but were arranged in a semirandom pattern. For
each selected lesion, a 1.4-mm core was punched from the
donor block and a total of 99 cores was arrayed per block.
Several serial sections were cut from all tissue microarrays, one
of which was stained with H&E as a reference. Because serial
sectioning of the tissue microarrays results in less than perfect
application of every one of the 99 samples (1.4 mm), most
arrays actually have fewer than 99 samples. Consequently,
the number of samples available for immunolabeling may
differ from antibody to antibody.

Immunohistochemistry. Claudin-4, MKK4, and stratifin
expression was assessed by immunohistochemistry in 125,
124, and 120 gastric adenocarcinoma patient specimens,
respectively. Immunohistochemistry was done on 5 Am
paraffin sections of gastric tissue microarrays. Immunohis-
tochemical analysis was done using the TECHMATE 1000
system (Ventana, Tucson, AZ). Monoclonal mouse anti-
bodies recognizing claudin-4 (Zymed Laboratory, Inc., South
San Francisco, CA), MKK4 (Novocastra, Newcastle upon
Tyne, United Kingdom), or stratifin (NeoVision, Fremont,
CA) were used at dilutions of 1:500, 1:40, and 1:100,
respectively. Secondary antibody application and color
development were done using the CHEM MATE 3Ab-
AB2Biotin (Biotinylated Link) and Detection Kit Peroxidase/
DAB (Ventana Medical Systems, Cambridgeshire, United
Kingdom) according to the instructions of the manufacturer
(11). Each immunohistochemical sample was evaluated by

two or three individuals (E. Montgomery, S.C. Cunningham,
and C.A. Iacobuzio-Donahue), with agreement in all cases,
using the following criteria: For claudin-4, 0 = absence of
membrane staining; +1 = some membrane staining evident;
2+ = strong membrane staining; 3+ = very strong, complete
membrane staining (Fig. 1); for MKK4, 0 = absence of
cytoplasmic staining, 1+ = moderate cytoplasmic staining;
2+ = strong cytoplasmic staining (Fig. 2); and for stratifin,
0 = absence of staining; 1 = moderate cytoplasmic or
perinuclear staining; and 2 = strong cytoplasmic or
perinuclear staining (Fig. 3).

Expression of S100A4 (DAKO, Carpinteria, CA; dilution
1:500), mesothelin (clone 5B2, Novocastra; dilution 1:20),
fascin (clone 55K-2, DAKO; dilution 1:100), topoisomerase II
(Novocastra; dilution 1:100), HER-2/neu (DAKO; prediluted),
and epithelial growth factor receptor (Ventana Medical
Systems; dilution 1:50) were evaluated in the same tissue
microarrays.

The possibility of nonspecific antibody interactions is
different for each of these three antibodies. We have confirmed
specificity of the anti-MKK4 antibody by calibrating the
immunohistochemistry assay to known actual genetic status
of the samples (19). Claudin-4 antibody specificity is shown by
the internal controls on the tissue microarrays that contain the
well-described intensely labeled positive-control colonic epi-
thelium and the nonlabeled negative-control gastric epitheli-
um (20). Stratifin, a substantially less well-characterized
molecule, showed the immunohistochemical pattern previous-
ly reported (21).

Data Analysis. The proportion of positive samples was
calculated in primary cancer, metastatic cancer, intestinal
metaplasia, and normal gastric samples. The sensitivity of
the test was calculated as the proportion of positive results
(a score of 1+ or higher) in intestinal metaplasia samples.
Specificity was calculated as the proportion of negative results
in normal gastric tissue samples. Binomial exact 95% confi-
dence intervals (95% CI) were calculated for sensitivities and
specificities using Stata version 8.0 (Stata Corporation, College
Station, TX).
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Figure 1. Claudin-4 immunolabeling. A. Normal gastric mucosa, nonlabeling, with apposing 2+ labeled intestinal metaplasia. B to D. Gastric
epithelial dysplasia, primary cancer, and metastatic cancer, respectively, showing 3+ immunolabeling. Magnification, �100.
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Results

Patients. Of the 436 gastric adenocarcinoma patients
operated on at the Johns Hopkins Hospital from 1984 to
2002, 133 operated before December 1994 were selected for this
study. Detailed characteristics of these 436 patients have been
reported (22, 23). Briefly, the patients in the current study were
predominately male (66%) with a median age at operation of

65 years. Pain, weight loss, and dysphagia were the most
common presenting symptoms. Eighty-five (20%) cancers were
stage I; 83 (19%) stage II; 145 (34%) stage III; and 117 (27%)
stage IV. The primary tumors were distributed throughout the
anatomic areas of the stomach: 26% in the antrum, 23% in
the cardia, 7% along the lesser curvature, 5% in the body, 4% in
the fundus, 4% in the pylorus, 2% along the greater curvature,
and 30% elsewhere or overlapping in the stomach. The
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Figure 3. Stratifin immunolabeling. A. Normal gastric mucosa, nonlabeling, with apposing 2+ labeled intestinal metaplasia. B to D. Gastric
epithelial dysplasia, primary cancer, and metastatic cancer, respectively, showing 2+ immunolabeling. Magnification, �100.

Figure 2. MKK4 immunolabeling. A. Normal gastric mucosa, nonlabeling, with apposing 1+ labeled intestinal metaplasia. B to D. Gastric
epithelial dysplasia, primary cancer, and metastatic cancer, respectively, showing 2+ immunolabeling in (B and C), and 1+ in (D).
Magnification, �40.
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majority (72%) of these patients had tumors of diffuse Lauren
histologic type.

Immunohistochemistry. Tissue microarrays were labeled
with antibodies recognizing S100A4, mesothelin, fascin,
topoisomerase IIa, HER-2/neu, and epithelial growth factor
receptor, but none of these antibodies was able to detect a
statistically significant difference in immunolabeling between
precursor lesions and normal gastric mucosa (data not shown).

Claudin-4. Claudin-4 immunolabeling results are shown in
Table 1 and Fig. 1. Normal gastric mucosa distant from the
primary cancer was available from 109 gastric adenocarcinoma
patients on the tissue microarrays. Only 16 (15%) of these
patients’ normal mucosa showed claudin-4 immunolabeling.
Nearly all of those normal stomach samples with positive
cluadin-4 labeling had only very weak (1+) or moderate (2+)
intensity, whereas only 1 (1%) case had very intense (3+)
labeling.

There were 36 intestinal metaplasia and 14 gastric epithelial
dysplasia lesions available for immunolabeling on the tissue
microarrays. In contrast to the normal mucosa, 100% of the
intestinal metaplasia lesions and 100% of the gastric epithelial
dysplasia lesions showed positive claudin-4 immunolabeling.
Claudin-4 labeling occurred in a predominantly membranous
pattern, although minor amounts of cytoplasmic labeling were
also noted. The labeling was generally intense (2+ or 3+), with
no case receiving a score of 1+. This intensity of the intestinal
metaplasia labeling was divided nearly evenly between 2+ (n =
20, 56%) and 3+ (n = 16, 44%). The labeling intensity of the
more advanced gastric epithelial dysplasia lesions in contrast
was predominantly 3+ (n = 11, 79%), compared with 2+ (n = 3,
21%). The sensitivity and specificity of claudin-4 to distinguish
intestinal metaplasia from normal stomach were 100% (95% CI,
90-100%) and 85% (95% CI, 77-91%), respectively.

Of 125 primary cancers evaluated by claudin-4 immunolab-
eling, 2 (2%) were scored 0, whereas 123 (98%) were scored 1+
(6%), 2+ (35%), and 3+ (57%). All 71 metastatic lesions of
the tissue microarrays showed positive claudin-4 labeling, 67
(94%) of which showed intense (2+ or 3+) labeling. Similar to
the intestinal metaplasia and gastric epithelial dysplasia
immunolabeling results, claudin-4 labeling of the primary
gastric adenocarcinoma and metastatic lesions occurred in a
predominantly membranous pattern, although minor amounts
of cytoplasmic labeling were also noted.

MKK4. MKK4 immunolabeling results are shown in Table 2
and Fig. 2. Normal gastric mucosa distant from the primary
cancer was available from 76 gastric adenocarcinoma patients
on the tissue microarrays. Of these, only 6 (8%) showed MKK4
immunolabeling. All of those normal stomach samples with
positive MKK4 labeling showed only moderate (1+) labeling.

There were 27 intestinal metaplasia and 12 gastric epithelial
dysplasia lesions available for MKK4 immunolabeling on the
tissue microarrays. In contrast to the normal mucosa, 89% of
the intestinal metaplasia lesions and 100% of the gastric
epithelial dysplasia lesions showed positive MKK4 immuno-
labeling. MKK4 labeling occurred in a cytoplasmic pattern.
The labeling was generally moderate (1+), with a few more
strongly labeling cases (2+). The labeling of the more
advanced, gastric epithelial dysplasia, lesions in contrast was
correspondingly more intense, with half the positive cases
scoring strongly (2+) and half scoring moderately (1+),
compared with the earlier, intestinal metaplasia, lesions, only
4% of which scored strongly (2+). The sensitivity and
specificity of MKK4 to distinguish intestinal metaplasia from
normal stomach were 89% (95% CI, 71-98%) and 92% (95% CI,
84-97%), respectively.

Of 124 primary cancers evaluated by MKK4 immunolabel-
ing, 9 (7%) were scored 0, whereas 115 (93%) were scored 1+
(64%) and 2+ (28%). Seventy of the 73 metastatic lesions (96%)
of the tissue microarrays showed positive MKK4 labeling. As
with intestinal metaplasia and gastric epithelial dysplasia
immunolabeling results, MKK4 labeling of the primary gastric
adenocarcinoma and metastatic lesions occurred in a cytoplas-
mic pattern.

Stratifin. Stratifin immunolabeling results are shown in
Table 3 and Fig. 3. Normal gastric mucosa distant from the
primary cancer was available from 64 gastric adenocarcinoma
patients on the tissue microarrays. Of these, only 2 (3%)
showed stratifin immunolabeling. No cases of normal stomach
with strong positive stratifin labeling (2+) were observed.

There were 30 intestinal metaplasia and 8 gastric epithelial
dysplasia lesions available for stratifin immunolabeling on the
tissue microarrays. In contrast to the normal mucosa, 97%
of the intestinal metaplasia lesions and 100% of the gastric
epithelial dysplasia lesions showed positive stratifin immuno-
labeling. Stratifin labeling occurred in a predominantly
perinuclear and cytoplasmic pattern, but occasionally was
membranous. The labeling of the intestinal metaplasia and
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Table 1. Claudin-4 immunolabeling of primary and metastatic gastric adenocarcinoma, normal stomach, and gastric
intestinal metaplasia

Score* Normal stomach
(n = 109)

Intestinal metaplasia
(n = 36)

Dysplasia
(n = 14)

Primary cancer
(n = 125)

Metastatic cancer
(n = 71)

0 93 (85%) 0 0 2 (2%) 0
All + 16 (15%) 36 (100%) 14 (100%) 123 (98%) 71 (100%)

1+ 5 (5%) 0 0 8 (6%) 4 (6%)
2+ 10 (9%) 20 (56%) 3 (21%) 44 (35%) 28 (39%)
3+ 1 (1%) 16 (44%) 11 (79%) 71 (57%) 39 (55%)

*See text for description of scoring system.

Table 2. MKK4 immunolabeling of primary and metastatic gastric adenocarcinoma, normal stomach, and gastric intestinal
metaplasia

Score* Normal stomach
(n = 76)

Intestinal metaplasia
(n = 27)

Dysplasia
(n = 12)

Primary cancer
(n = 124)

Metastatic cancer
(n = 73)

0 70 (92%) 3 (11%) 0 9 (7%) 3 (4%)
All + 6 (8%) 24 (89%) 12 (100%) 115 (93%) 70 (96%)

1+ 6 (8%) 23 (85%) 6 (50%) 80 (64%) 58 (80%)
2+ 0 1 (4%) 6 (50%) 35 (28%) 12 (16%)

*See text for description of scoring system.

Gastric Adenocarcinoma Precursor Lesions
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gastric epithelial dysplasia lesions was generally moderate
(1+), with a few more strongly labeled cases (2+). The
sensitivity and specificity of stratifin to distinguish intestinal
metaplasia from normal stomach were 97% (95% CI, 0.83-0.99)
and 97% (95% CI, 0.89-0.99), respectively.

Of 120 primary cancers evaluated by stratifin immunolabel-
ing, 9 (8%) were scored 0, whereas 111 (93%) were scored 1+
(63%) and 2+ (29%). Of 71 metastatic lesions, 69 (97%) of
the tissue microarrays showed positive stratifin labeling.
As with intestinal metaplasia and gastric epithelial dysplasia
immunolabeling results, stratifin labeling of the primary
gastric adenocarcinoma and metastatic lesions occurred in a
predominantly perinuclear and cytoplasmic pattern.

Discussion

Gastric adenocarcinoma, like most other solid tumors, is
thought to develop in a stepwise fashion. This pattern of
carcinogenesis has been well described in the colon (24) and
the pancreas (25), and will likely be described in greater detail
in the stomach as well. As early as 1955, such a progression
model was anticipated by Morson (2-4) who first described
the transition from normal mucosa to intestinal metaplasia
to gastric epithelial dysplasia to the development of gastric
adenocarcinoma. More recently, distinctive patterns of gene
expression in premalignant gastric mucosa and gastric cancer
have been published (6), providing a framework for a gastric
adenocarcinoma progression model. Our immunolabeling
results are consistent with a progression model of gastric
carcinogenesis insofar as the quantity (number of positive
cases) and quality (intensity of labeling) generally increase
from normal gastric mucosa to intestinal metaplasia to gastric
epithelial dysplasia, primary cancers, and metastatic lesions.
The exact molecular steps in the progression model analogous
to colon and pancreas remain to be elucidated.

Intestinal metaplasia is not a single pathologic entity, but a
spectrum of lesions ranging from near-normal mucosa to near-
dysplastic mucosa. Classification schemes for intestinal
metaplasia subtypes have been developed, typically dividing
lesions into the categories complete and incomplete, based on
the mucin content of the columnar-type and goblet cells (26, 27).
Conflicting data exist regarding the prognostic significance of
the subtypes. Studies from the 1980s and early 1990s suggested
that the incomplete type carries a greater potential for
malignancy (28-30) but recent studies have been more
consistent with the notion intestinal metaplasia subtype is a
poor predictor of future cancer risk (31). Intestinal metaplasia
can occur anywhere in the stomach and, although there are
differences between the gastric cardia and the stomach distal
to the cardia, such as the increasing incidence of cardia lesions
compared with distal tumors, intestinal metaplasia is consid-
ered to be premalignant in both the cardia (32) and the
stomach distal to the cardia (33).

Claudins, together with occludin and junctional adhesion
molecules, are the major components of intercellular tight
junctions. These proteins function predominately in para-
cellular transport and are expressed on both epithelial and

endothelial cells. Overexpression of claudin proteins has
previously been reported in invasive cancers derived from
epithelial tissues. Although claudin-4 has been shown by gene
expression profiling to be overexpressed in pancreas (9, 34),
breast (10), ovarian (11, 12), and gastric cancers (7, 13),
overexpression of claudin-4 has not, to our knowledge, been
previously reported in intestinal metaplasia lesions associated
with gastric adenocarcinoma.

Claudin-4 is a functional receptor for CPE receptor, and this
characteristic has already been successfully exploited in cell
lines and xenografts (16, 17). Another therapeutic possibility is
that the fragment of CPE bound by claudin-4 could be attached
to a cytotoxic substance for administration to patients with
claudin-4-overexpressing tumors. However, the expression
of claudin-4 on a variety of other, normal human tissues,
including lung, liver, small and large bowel, and kidney,
suggests that local delivery may be advantageous over
systemic administration, where the dose-limiting toxicities
may be prohibitive. The high sensitivity and specificity of anti-
claudin-4 immunolabeling presented here, the observation that
intestinal metaplasia reliably and robustly expresses claudin-4
in the cell membrane of gastric adenocarcinoma, intestinal
metaplasia, and gastric epithelial dysplasia, and the claudin-4
homology to the CPE receptor suggests that local, topical
approaches may indeed be feasible.

The biological significance of alterations in the expression
of tight junction proteins in cancer is poorly understood.
E-cadherin functions in intercellular adhesion and mutation of
the gene is the most common genetic alteration known in
diffuse-type gastric cancers, which display highly abnormal
adhesion characteristics. Claudin is up-regulated in a variety
of tumor types, but the causes and consequences of increased
claudin expression in gastric cancer and its precursor lesions
are poorly understood. Studies of mutations in the claudin
genes, as well as investigation into their altered structure,
subcellular localization, and function in gastric tumor may
bring new insight into the role of claudin-4 in gastric
adenocarcinoma pathogenesis.

MKK4 (also known as JNKK1, MAP2K4 , and SEK1), located
on chromosome 17p11 proximal to the p53 tumor-suppressor
gene, is thought to be a tumor-suppressor gene itself because it
is mutated in f4% of tumors of many types, e.g., pancreas,
biliary, breast, and colon (35-37). MKK4 is a central mediator of
the c-Jun-NH2-kinase cascade, whose members bear high
homology with the related extracellular signal-regulated
kinase and p38 cascades in the mitogen-activated protein
kinase family. Activation of Ras can trigger a series
of events whereby the extracellular signal-regulated kinase
cascade sends a proliferative signal, but it can also activate
the c-Jun-NH2-kinase pathway to cause apoptosis (38). Data
regarding the role of MKK4 in carcinogenesis are conflicting.
Despite the widely understood role of MKK4 as a tumor
suppressor (35-37), Wang et al. (39) recently published
evidence of MKK4 prooncogenic activity. Previous studies
in our laboratory, using the same tissue microarrays as in the
present study, revealed that a lack of tumor MKK4 expression
correlated with decreased patient survival (22, 23) and,
therefore, support a tumor-suppressive role.
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Table 3. Stratifin immunolabeling of primary and metastatic gastric adenocarcinoma, normal stomach, and gastric
intestinal metaplasia

Score* Normal stomach
(n = 64)

Intestinal metaplasia
(n = 30)

Dysplasia
(n = 8)

Primary cancer
(n = 120)

Metastatic cancer
(n = 71)

0 62 (97%) 1 (3%) 0 9 (8%) 2 (3%)
All + 2 (3%) 29 (97%) 8 (100%) 111 (93%) 69 (97%)

1+ 2 (3%) 24 (80%) 5 (62%) 76 (63%) 49 (69%)
2+ 0 5 (17%) 3 (38%) 35 (29%) 20 (28%)

*See text for description of scoring system.
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At first glance, it may seem counterintuitive that expression
of a tumor suppressor like MKK4 is found to be a good marker
of precursor lesions. One might expect that, instead, an
oncogene would be more likely to serve this purpose.
Nevertheless, it may be that in its role as a central mediator
of the cell stress response, MKK4 is expressed in the
progression toward intestinal metaplasia. Indeed, we have
observed that sections of normal stomach that show histologic
evidence or injury and repair show positive MKK4 immuno-
labeling, whereas quiescent samples of normal stomach do not.
Consistent with the multistep model of GAC proposed by
Morson (2-4) and by Correa (5), we might indeed expect that
intestinal metaplasia has resulted from a progression through
an initial insult like chronic gastritis and may persistently
express stress-response proteins like MKK4, even in the
absence of ongoing repair. Accordingly, we have eliminated
cases of both normal stomach and intestinal metaplasia that
have histologic evidence of ongoing repair and the ability
of MKK4 to distinguish intestinal metaplasia from normal
stomach persists.

Stratifin is a member of the 14-3-3 family of highly
conserved dimer proteins that have thus far been shown to
interact with over 100 other cellular proteins, predominantly
those with a phosphoserine- or phosphothreonine-containing
motif, suggesting a role as a general biochemical regulator
(reviewed in refs. 40-42). Indeed, 14-3-3 proteins participate in
such diverse cellular processes as cell cycle progression,
apoptosis, signal transduction, stress response, cytoskeleton
organization, and viral and bacterial pathogenesis. Given
the staggeringly wide array of cellular functions involving
such ubiquitous proteins, speculation regarding the specific
role of stratifin in gastric carcinogenesis is premature. In fact,
there are conflicting reports on level of activation of stratifin in
cancers of various organs. For example, stratifin expression is
reported to be up-regulated in some pancreas (43, 44), lung
(45), and head-and-neck (46) carcinomas, but down-regulated
in other breast (47), prostate (48), liver (49), and squamous
cell carcinomas (50, 51). Interestingly, but consistent with the
promiscuity of stratifin, we observed stratifin immunolabeling
in a variety of patterns, including perinuclear, cytoplasmic,
and, in gastric epithelial dysplasia, membranous.

Other markers of gastric intestinal metaplasia have been
reported, including the Das-1 monoclonal antibody (52)
and liver-intestinal cadherin (53). Grotzinger et al. studied
30 patients of whom only 12 had intestinal metaplasia, and in
all cases of intestinal metaplasia, liver-intestinal cadherin
staining was positive. The small sample size, however, makes
meaningful interpretation difficult. Mirza et al. studied the
ability of the Barrett’s epithelium marker Das-1 to detect
gastric intestinal metaplasia and found positive immunolabel-
ing of intestinal metaplasia in 35% of noncancer patient
samples and in 93% of cancer patient samples. Claudin-4 has
the advantage of higher sensitivity (100%), and combined with
MKK4 and stratifin, the specificity also approached 100%.
Furthermore, claudin-4 has a clear therapeutic approach
through the well-characterized homology to the CPE receptor.

In conclusion, we present a panel of three markers
identifying the gastric adenocarcinoma precursor lesions
intestinal metaplasia and gastric epithelial dysplasia. The
combination of claudin-4, MKK4, and stratifin immunolabel-
ing may provide nearly 100% sensitivity and specificity in
identifying gastric adenocarcinoma precursor lesions. Current-
ly, only claudin-4, on the basis of the CPE receptor homology,
has an immediate possibility for diagnostic and therapeutic
application in patients. However, because all three have a
reasonable sensitivity and specificity, it may be possible to
design labeled antibodies that could be applied endoscopical-
ly, without invasive biopsy, and then detected during the same
endoscopy as they identify gastric adenocarcinoma precursor
lesions. Furthermore, compared with chromoendoscopic

methods using vital dyes that have been associated with
DNA damage (54), a labeled antibody solution may be
comparatively less genotoxic. For example, for patients with
increased risk of gastric cancer, such as those with dietary,
racial, or familial risks of gastric adenocarcinoma or those who
have had a resection of gastric adenocarcinoma, the ability to
detect asymptomatic precursor lesions may have therapeutic
benefit. Further clinical studies are warranted to evaluate these
markers, both in cancer patients at risk for gastric adenocar-
cinoma recurrence after resection, and in high-risk patients
who do not yet have a diagnosis of cancer.

References
1. Jemal A, Tiwari RC, Murray T, et al. Cancer statistics, 2004. CA Cancer J Clin

2004;54:8 – 29.
2. Morson BC. Gastric polyps composed of intestinal epithelium. Br J Cancer

1955;9:550 – 7.
3. Morson BC. Carcinoma arising from areas of intestinal metaplasia in the

gastric mucosa. Br J Cancer 1955;9:377 – 85.
4. Morson BC. Intestinal metaplasia of the gastric mucosa. Br J Cancer 1955;9:

365 – 76.
5. Correa P. Human gastric carcinogenesis: a multistep and multifactorial

process—First American Cancer Society Award Lecture on Cancer Epide-
miology and Prevention. Cancer Res 1992;52:6735 – 40.

6. Boussioutas A, Li H, Liu J, et al. Distinctive patterns of gene expression
in premalignant gastric mucosa and gastric cancer. Cancer Res 2003;63:
2569 – 77.

7. SAGEmap. Serial analysis of gene expression. National Center for
Biotechnology Information, 2004. Accessed 2004 March 2.

8. Iacobuzio-Donahue CA, Maitra A, Shen-Ong GL, et al. Discovery of novel
tumor markers of pancreatic cancer using global gene expression technol-
ogy. Am J Pathol 2002;160:1239 – 49.

9. Ryu B, Jones J, Blades NJ, et al. Relationships and differentially expressed
genes among pancreatic cancers examined by large-scale serial analysis of
gene expression. Cancer Res 2002;62:819 – 26.

10. Nacht M, Ferguson AT, Zhang W, et al. Combining serial analysis of gene
expression and array technologies to identify genes differentially expressed
in breast cancer. Cancer Res 1999;59:5464 – 70.

11. Hough CD, Sherman-Baust CA, Pizer ES, et al. Large-scale serial analysis of
gene expression reveals genes differentially expressed in ovarian cancer.
Cancer Res 2000;60:6281 – 7.

12. Rangel LB, Agarwal R, D’Souza T, et al. Tight junction proteins claudin-3
and claudin-4 are frequently overexpressed in ovarian cancer but not in
ovarian cystadenomas. Clin Cancer Res 2003;9:2567 – 75.

13. Ji J, Chen X, Leung SY, et al. Comprehensive analysis of the gene expression
profiles in human gastric cancer cell lines. Oncogene 2002;21:6549 – 56.

14. Nichols LS, Ashfaq R, Iacobuzio-Donahue CA. Claudin 4 protein expression
in primary and metastatic pancreatic cancer: support for use as a therapeutic
target. Am J Clin Pathol 2004;121:226 – 30.

15. Montgomery E, Mamelak AJ, Gibson M, et al. Overexpression of claudin
proteins in esophageal adenocarcinoma and its precursor lesions. Appl
Immunohistochem Mol Morphol. In press 2006.

16. Michl P, Buchholz M, Rolke M, et al. Claudin-4: a new target for pancreatic
cancer treatment using Clostridium perfringens enterotoxin. Gastroenterology
2001;121:678 – 84.

17. Kominsky SL, Vali M, Korz D, et al. Clostridium perfringens enterotoxin elicits
rapid and specific cytolysis of breast carcinoma cells mediated through tight
junction proteins claudin 3 and 4. Am J Pathol 2004;164:1627 – 33.

18. Manley S, Mucci NR, De Marzo AM, Rubin MA. Relational database
structure to manage high-density tissue microarray data and images for
pathology studies focusing on clinical outcome: the prostate specialized
program of research excellence model. Am J Pathol 2001;159:837 – 43.

19. Xin W, Yun KJ, Ricci F, et al. MAP2K4/MKK4 expression in pancreatic
cancer: genetic validation of immunohistochemistry and relationship to
disease course. Clin Cancer Res 2004;10:8516 – 20.

20. Rahner C, Mitic LL, Anderson JM. Heterogeneity in expression and
subcellular localization of claudins 2, 3, 4, and 5 in the rat liver, pancreas,
and gut. Gastroenterology 2001;120:411 – 22.

21. Mhawech P, Greloz V, Assaly M, Herrmann F. Immunohistochemical
expression of 14-3-3j protein in human urological and gynecological tumors
using a multi-tumor microarray analysis. Pathol Int 2005;55:77 – 82.

22. Cunningham SC, Kamangar F, Kim MP, et al. Survival after gastric
adenocarcinoma resection: eighteen-year experience at a single institution.
J Gastrointest Surg 2005;9:718 – 25.

23. Cunningham SC, Kamangar F, Kim MP, et al. Mkk4 status predicts survival
after resection of gastric adenocarcinoma. Arch Surg. In press 2006.

24. Vogelstein B, Fearon ER, Hamilton SR, et al. Genetic alterations during
colorectal-tumor development. N Engl J Med 1988;319:525 – 32.

25. Maitra A, Adsay NV, Argani P, et al. Multicomponent analysis of the
pancreatic adenocarcinoma progression model using a pancreatic intra-
epithelial neoplasia tissue microarray. Mod Pathol 2003;16:902 – 12.

26. Jass JR. Role of intestinal metaplasia in the histogenesis of gastric carcinoma.
J Clin Pathol 1980;33:801 – 10.

286 Gastric Adenocarcinoma Precursor Lesions

Cancer Epidemiol Biomarkers Prev 2006;15(2). February 2006



27. Filipe MI, Potet F, Bogomoletz WV, et al. Incomplete sulphomucin-secreting
intestinal metaplasia for gastric cancer. Preliminary data from a prospective
study from three centres. Gut 1985;26:1319 – 26.

28. Filipe MI, Munoz N, Matko I, et al. Intestinal metaplasia types and the risk of
gastric cancer: a cohort study in Slovenia. Int J Cancer 1994;57:324 – 9.

29. Huang CB, Xu J, Huang JF, Meng XY. Sulphomucin colonic type intestinal
metaplasia and carcinoma in the stomach. A histochemical study of 115
cases obtained by biopsy. Cancer 1986;57:1370 – 5.

30. Rokkas T, Filipe MI, Sladen GE. Detection of an increased incidence of early
gastric cancer in patients with intestinal metaplasia type III who are closely
followed up. Gut 1991;32:1110 – 3.

31. El-Zimaity HM, Ramchatesingh J, Saeed MA, Graham DY. Gastric intestinal
metaplasia: subtypes and natural history. J Clin Pathol 2001;54:679 – 83.

32. Ruol A, Parenti A, Zaninotto G, et al. Intestinal metaplasia is the probable
common precursor of adenocarcinoma in Barrett esophagus and adenocar-
cinoma of the gastric cardia. Cancer 2000;88:2520 – 8.

33. Stemmermann GN, Fenoglio-Preiser C. Gastric carcinoma distal to the
cardia: a review of the epidemiological pathology of the precursors to a
preventable cancer. Pathology 2002;34:494 – 503.

34. Iacobuzio-Donahue CA, Maitra A, Olsen M, et al. Exploration of global gene
expression patterns in pancreatic adenocarcinoma using cDNA microarrays.
Am J Pathol 2003;162:1151 – 62.

35. Teng DH, Perry WL III, Hogan JK, et al. Human mitogen-activated
protein kinase kinase 4 as a candidate tumor suppressor. Cancer Res 1997;57:
4177 – 82.

36. Su GH, Hilgers W, Shekher MC, et al. Alterations in pancreatic, biliary, and
breast carcinomas support MKK4 as a genetically targeted tumor suppressor
gene. Cancer Res 1998;58:2339 – 42.

37. Parsons DW, Wang TL, Samuels Y, et al. Colorectal cancer: mutations in a
signalling pathway. Nature 2005;436:792.

38. Xia Z, Dickens M, Raingeaud J, Davis RJ, Greenberg ME. Opposing
effects of ERK and JNK-p38 MAP kinases on apoptosis. Science 1995;270:
1326 – 31.

39. Wang L, Pan Y, Dai JL. Evidence of MKK4 pro-oncogenic activity in breast
and pancreatic tumors. Oncogene 2004;23:5978 – 85.

40. Fu H, Subramanian RR, Masters SC. 14-3-3 Proteins: structure, function, and
regulation. Annu Rev Pharmacol Toxicol 2000;40:617 – 47.

41. Hermeking H. The 14-3-3 cancer connection. Nat Rev Cancer 2003;3:931 – 43.

42. van Hemert MJ, Steensma HY, van Heusden GP. 14-3-3 proteins: key
regulators of cell division, signalling and apoptosis. Bioessays 2001;23:936 – 46.

43. Iacobuzio-Donahue CA, Ashfaq R, Maitra A, et al. Highly expressed genes
in pancreatic ductal adenocarcinomas: a comprehensive characterization
and comparison of the transcription profiles obtained from three major
technologies. Cancer Res 2003;63:8614 – 22.

44. Guweidhi A, Kleeff J, Giese N, et al. Enhanced expression of 14-3-3j in
pancreatic cancer and its role in cell cycle regulation and apoptosis.
Carcinogenesis 2004;25:1575 – 85.

45. Nakanishi K, Hashizume S, Kato M, Honjoh T, Setoguchi Y, Yasumoto K.
Elevated expression levels of the 14-3-3 family of proteins in lung cancer
tissues. Hum Antibodies 1997;8:189 – 94.

46. Villaret DB, Wang T, Dillon D, et al. Identification of genes overexpressed in
head and neck squamous cell carcinoma using a combination of comple-
mentary DNA subtraction and microarray analysis. Laryngoscope 2000;110:
374 – 81.

47. Ferguson AT, Evron E, Umbricht CB, et al. High frequency of hypermethy-
lation at the 14-3-3j locus leads to gene silencing in breast cancer. Proc Natl
Acad Sci U S A 2000;97:6049 – 54.

48. Cheng L, Pan CX, Zhang JT, et al. Loss of 14-3-3j in prostate cancer and its
precursors. Clin Cancer Res 2004;10:3064 – 8.

49. Iwata N, Yamamoto H, Sasaki S, et al. Frequent hypermethylation of CpG
islands and loss of expression of the 14-3-3j gene in human hepatocellular
carcinoma. Oncogene 2000;19:5298 – 302.

50. Gasco M, Bell AK, Heath V, et al. Epigenetic inactivation of 14-3-3 j in
oral carcinoma: association with p16(INK4a) silencing and human papillo-
mavirus negativity. Cancer Res 2002;62:2072 – 6.

51. Gasco M, Sullivan A, Repellin C, et al. Coincident inactivation of 14-3-3j and
p16INK4a is an early event in vulval squamous neoplasia. Oncogene 2002;
21:1876 – 81.

52. Mirza ZK, Das KK, Slate J, et al. Gastric intestinal metaplasia as detected
by a monoclonal antibody is highly associated with gastric adenocarcinoma.
Gut 2003;52:807 – 12.

53. Grotzinger C, Kneifel J, Patschan D, et al. LI-cadherin: a marker of gastric
metaplasia and neoplasia. Gut 2001;49:73 – 81.

54. Olliver JR, Wild CP, Sahay P, Dexter S, Hardie LJ. Chromoendoscopy with
methylene blue and associated DNA damage in Barrett’s oesophagus.
Lancet 2003;362:373 – 4.

287Cancer Epidemiology, Biomarkers & Prevention

Cancer Epidemiol Biomarkers Prev 2006;15(2). February 2006


